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J a c k  Engle, Santa Barbara Research Corp 
Jus t  a b r i e f  overview, i f  somt? o f   yo^: a r e n ' t  f a m i l i a r  with how t h e  thematic  
mapper p r i m a r i l y  d i f i e r s  from MSS. 'Ibe s p a t i a l  r e s o l u t i o n  * 3 t h e  key  i.hiprove- 
ment linere t h e  TM h a s  30-meter r e s o l u t i o n  and t h e  HES h a s  89-meter r e s o l u t i o n .  
For t h e  a g r i c u l t u r a l  users, t h i s  should provide an a b i l i t l  t o  x c * . f a t e l y  c l a s -  
s i f y  1G-acre f i e l d s  w i t h  t h e  TM versus 70-acre f i e l d s  w l L n  t h e  MSS d a t a .  As 
f a r  as sy-zc:t;,?l r e s o l u t ~ o n  t h e r e  a r e  s i x  r e f l e c t e d  l i g h t  bands i n  t h e  thcma- 
t i c  mapper. Tu0 o f  t h o s e  Jands are  o f  b a s i c a l l y  a new s p e c t r a l  regior! o u t  i n  
t h e  t h e  near  I R ,  t h e  shortwave I R  *egion, 1.55 t o  1.75 microns and 2.08 t o  
2.35 microns a s  oppased tc MSS's four  r e f l e c t e d  l i g h t  bands. The o t h e r  four  
thematic  mapjsr r e f l e c t e d  l i g h t  bands i n  t h e  v i s i b l e  po r t ion  o f  t h e  spectrum 
a r e  designated t o  enhance t h e  c l a s s i f i c a t i o n  c a p a b i l i t y .  TFey a r e  much mc-e 
i d e a l l y  s e l e c t e d  fran a s p e c t r a l  s t a n d p o i n t ,  nbrrow s p e c t r a l  hands more o p t i -  
mal ly  selected to  enhance c l a s s i f i c a t i o n  a c c u r z y .  The RI a l s o  h a s  better 
s ignal- tc-noise  r a t i o  performance and radiometric. s e n s i t i v i t y ,  ana i n  o rde r  t c  
oS ta in  t h a t  we have had t o  i n c r e a s e  t h e  size o f  t h e  c p t i c s ,  b a s i c a l l y  a 
16-inch t e l e s c o p e  a s  opposed tc an +inch t e l e s c o p e  i n  MSS. We've increased 
t h e  SCE..: e f f i c i e n c y  through t h e  us2 o f  b i d i r e c t i o n a l  scannjng,  whicn g i v e s  as 
a scan e f f i c i e n c y  o f  855 ve r sus  455 w i t h  t h e  m u l t i s p c t r a l  s canne r ,  ana more 
d e t e c t o r z  per  band, 16 versus 6. Me a l s o  have g r e a t e r  encoding r e s o l u t i o n  ir~ 
our m u l t i p l e x e r ,  8-bi t  r e s o l u t i o n  v e r s u s  6 b i t s  f o r  MSS. 
One o f  t h e  f e 3 t u r e s  t h a t  is o f  p a r t i c u l a r  in terest  is t h e  scan p r o f i l e  and t h e  
r e g i s t r a t i o n  c a p a b i l i t y .  C e r t a i n l y  t h e  scan p r o f i l e  i s  more 1inet.r than was 
3bteined i n  t h e  HSS, and f o r  a l a r g e  s e l e c t i o n  o f  t h e  users, t h o  imagery could 
be used without. resampling and I khink s a t i s f y  many of t h e  needs t h a t  I ' v e  
heard ex?ressed today. A s  f a r  as geometric eccuracy 07 scan p r o f i l e ,  a t y p i -  
c a l  Landsat D h S scan p r o f i l e  e x b i b i t s  n o n l i n e a r i t i e s  on t h e  o r d e r  o f  f i v e  
i l i s t an taneous  f i q l d s  of  v i ed .  For t h e  MSS, wi th  80-meter resoluki-m,  those  
were on t h e  o r d e r  o f  500-microradian n o n l i n e a r i t i e s  i n  t h e  scan p r o f i l e .  
The t h e n a t i c  mapper p r o f i l e  d a t a ,  o~r  which, as I i n d i c a t e d ,  w 3  a r e  s t i l l  doing 
some f i n a i  ref inements  i n  t h e  p rocess inz ,  13 our  me lured forward scan pro- 
f i l e ,  a s  shown i n  F igu re  1 .  You can see t h e  peak n o n - i n c a r i t y  i n  the  scan has  
a magnitude o f  about 30 mi.croradians. The rms n o n l i n e a r i t y  I b ? l i e v e  i s  on 
t h e  o r d e r  o f  10 microradians.  The r e v e r s e  scan p r o f i l e  has  a s l i g h t l y  d i f f ' e r -  
ent shape ( F i g u r e  2 ) .  I t ' s  n o t  q u i t e  a s  l i n e a r  a s  t h e  forward scan,  b u t  i t ' s  
w e l l  c h a r a c t e r i z e d .  3ie peak n o n l i n e a r i t y  i n  t h e  reverse scan a s  rne,asured i n  
our vacuum tests just p r i o r  t o  d e l i v e r y  was about 60 microradians.  Each f i g -  
ure would have t o  b e  f l i p p e d  e n d  f o r  e n d  i n  o r d e r  t o  see how they  reg is te r  i n  
o b j e c t  space.  Note a l s o  t h a t  t h e y  a;e both p l o t t e d  on J time s c a l e  ins-ead o f  
an o b j e c t  space s c a l e .  
As f a r  a s  t h e  ove r l ap /unde r l ap  c h a r a c t e r i s t i c s ,  Figure 3 summarizes t h e  var  _- 
ovs c o n t r i b u t o r s  t o  t h e  ove r l ap idnde r l ap  E I  f e c t s  w i t h i r ?  t h e  system. We have 
chosen t o  optimize the  scanning parameters a t  712.5-km a l t i t u d e  and a n  average 
40° north l a t i t u d e  &.ere most o f  t h ?  scenes of interest  sppear  t o  be  1o:ated 
*Edited o r a l  p r e s e n t a t i o n .  
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throughout t h e  world. A s  t h e  scanning parameters were optimized f o r  t h a t  a l -  
t i tude and l a t i t u d e ,  t h e  r e s u l t a c t  underlap and ove r l ap  of about 3.4 and -3.4 
microradians o c c u r s  (F igu re  4 ? .  
The bow-tie e f f e c t  ( F i g u r e  4) is b a s i c a l l y  d u e  t o  t h e  path l e n g t h  o v e r  t h e  
scan angle .  From one end o f  t h e  ;?an t o  t h e  o t h e r  t h i s  c o n t r i b u t e s  an o v e r l a p  
e f f e c t  o f  about 6 .5  microradians a t  t h e  end o f  scan.  Scac mir ro r  perfonnance 
has  t h e s e  c o n t r i b u t i o n s .  B a s i c a l l y ,  w i th in  t h e  pr ime f o c a l  ? l ane ,  we have a 
maximum cver/underlap cf about 7 .3  microradians,  and w i t h  t h e  tqw-tie e f f e c t  
included we have a maximm over l ap  o f  about 1 1 . 1 .  For t h e  cooled f c c a l  p l ane ,  
w e  h a v e  7.9 w i t h  a maximum c v e r l a p  o f  10.5. Cur requirement is 8.5 n tc ro ra -  
d i a n s  neg lec t ing  t h e  bow-tie e f f e c t  30 we're f a i r l y  well w i t h i n  our require- 
men t s .  Bas i ca l ly ,  t h e  a l t i t u d e  v w i a t i o n s  g l o b a l l y  s o r t  o f  wash u u t  o r  cer- 
t a i n l y  dominate t h e  overlag/underlap performance on a g loba l  scale. 
As f a r  2s band-to-band r e g i s t r a t i o n  , w e  chose t h e  band-to-band r e g i s t r a t i o n  
between bands 5 and b r  1 1 uhich a r e  t h e  f u r t h e s t  separated bands w i t h i n  t h e  
thematic mapper ( F i g u r e s  5 and 51.  The nominal band spacing is 146 ins t an -  
taneous f i e l d s  of  v i e w  and t h e  dynamic  r e g i s t r a t i o n  measured a t  30 p o i n t s  i n  
t h e  scan p r o f i l e  is a s  p l o t t e d  w i t h  a t y p i c a l ,  an average r e g i s t r a t i o n  o f  
about 145.95. Our requirement is t h a t  t h e  prime and cool  foca l  planes b e  reg- 
istered t o  w i t h i n  . 3  of an insbantdneous f i e l d  o f  v i e w  and about Lhe nominal 
band sepa ra t ion .  So we a r e  well w i t h i n  our requirement on a dynamic r e g i s t r a -  
t i o n  b a s i s  betveen Lie pr ime ard cooled foca l  planes.  A l l  t h e  o t h e r  spectral 
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